Recently, Hollow Silica Shells have been explored for various biomedical applications due to their biocompatibility. Hollow silica shells offer the flexibility to adjust their physical and mechanical properties (diameter, shell thickness, shell strength, etc.) as well as their chemical properties via elemental doping or surface chemical modification. Hollow silica shells are formed by a unique polymerization reaction between silicic acid into SiO 2 , creating a layer covering a polystyrene beads as sacrificial templates. The template is then removed via solvent dissolution or heat, yielding a hollow SiO 2 shell.
At present, we are interested in developing shells that act as a sensitizing agent for High Intensity Focused Ultrasound (HIFU) therapy. This technique directs a focused high powered ultrasound wave at a region of tissue at the focal zone, creating thermal or mechanical damage. The goal of this therapy is to enable tumor removal without invasive surgery. Our goals are to improve the technique by allowing a lower ultrasound power to be used, and enabling more precise targeting. Hollow silica shells cavitate (gas bubble collapse) under HIFU. This allows the creation of a liquid cavity in the tissue while using reduced power HIFU, thus eliminating thermal damage to the surrounding tissue and yielding a cleaner excision. Another advantage of using hollow silica shells is that the ablated region can be imaged via ultrasound simultaneously, allowing for concurrent image-guided ablation.
In order to characterize the breakage of our shells under HIFU and explore multimodal imaging, we have synthesized shells doped with Gd (a material commonly used as an MRI sensitizing agent). The Gd will be released and work as a sensitizing agent once the shells are broken. This has allowed us to observe the area of ablation under MRI, an imaging technique which offers high spatial resolution. We have found that Hollow Silica Shells can act as a HIFU sensitizing agent, and have observed mechanical ablation occur, as the Gd released by shell breakage is visible under MRI. A further step is to develop particles that allow multimodal imaging (MRI, US) as well as ablative destruction of tumors, thus facilitating the non-invasive diagnosis and treatment of tumors. Ideally, one would be able to diagnose, characterize and then treat a tumor without surgical incision and in a single clinical session. 
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